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MANUFACTURING METHOD FOR 
COMPOSITE TRANSVERSE LEAF SPRING 

CROSS-REFERENCE TO RELATED APPLICATIONS 

The present application claims priori* to U.S. Provisional Patent 
Application Serial No. 60/276.370. fded March 17. 2001. The above 
provisional application is incorporated herein in its entirety by reference . 

Field of the Invention 

The present invention relates generaly to a composite leaf spring for 
automobies. More particularly, it relates to an automotive composite leaf 
spring manufacturing method. 

Background of the invention 

Automotive suspension systems commonly utilize a combination of 
multiple Bnkages or control arms, coil springs, and anti-roll bars to support and 
cushion a vehicle and Its passengers. Many truck suspension systems may 
use steel leaf springs and a solid axle (such as a HotchkSss type system). 
Conventional suspension systems utilizing these common steel components 
are typkaly difficult to package within a vehicle, and are heavy, which 
contributes to poor tool economy. Conventional known steel leaf springs 
utilize multiple secondary steel leaves of decreasing lengths secured below 
and parallel to a main steel leaf to provide cushioning under variable toad 
conditions. 

The use of composite materials in the manufacture of composite leaf 
springs offers much lighter and more compact designs. A method for weaving 
a non-flat, contoured transverse leaf spring has been proposed. One 
limitation of that manufacturing method is that the spring could not be a hollow 
beam. Another Imitation is that the width of the beam section could be 
changed across the length of the spring. The weaving method also had 
limitations in varying the thickness along the length of the beam. These 
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amltafions resulted in additional material In the component that was very 
lightly stressed, and hence a component which was heavier and more 
expensive than needed. Even with these fimitetions, the proposed example 
incorporating woven material was 60% lighter than the components it 
replaced on a typical, non-transverse spring automotive application. 

Because a transverse spring is loaded in an essentially 4-point bending 
configuration, the main stresses are caused by the bending moments. The 
stiffness of the spring is thus directly related to the area moment of inert* of 
the section. The material in the central area of a solid rectangular section of a 
composite spring does not significantiy contribute to the bending stiffness. It 
would thus be beneficial to manufacture a composite spring having a hollow 
cross-section that would allow the hollow sections to be much lighter, yet have 
the same stiffnesses a solid area in the previous exampte. 

Summary of the Invention 

in accordance with the present invention, a method end apparatus for 
manufacturing a composite leaf spring Is provided herein. In one aspect of 
the invention, the method includes the steps of providing a forming means 
and a mold adapted to receive the forming means, and installing a pre- 
braided tubular fiberglass structure over the forming means. The braid 
structure preferably comprises a plurality of elongated fibers arranged to form 
8n elongated, elastic tubular structure. The forming means is then placed 
with the braid structure Into a mold cavity withm the mold. A resin material m 
injected into the mold to cover the fibers, and the resin is cured to create an 
integrated leaf spring component 

In another aspect of the Invention, a system for manufacturing a 
transverse leaf spring is provided. The system or apparatus comprises 
forming means having a shape corresponding to the leaf spring, and means 
for placing a pre-braided tubular fiberglass slructore over the forming means. 
The braid structure comprises a plurality of elongated fibers arranged to form 
an elongated, elastic tubular structure. A mold cavity is adapted to receive 
the forming means and the braid structure and 
means are provided for Injecting a resin material into toe mold cavity. 
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In yet another aspect of the invention, a method for manufacture, a 
transverse leaf spring is prodded. The method induces the steps of prov,d*g 
a braided fiber structure comprising a plurality of elongated fibers arranged to 
form an elongated, elastic tubular structure, integrating a resin material into 
the fiber structure to form a hollow molded spring shape, and curing the 



in yet another aspect of the invention, a composite transverse leaf 
spring is provided comprising a braided fiber stnidure comprising a plurality of 
e.ongatedrTberaarrangedto1brmanelongated.elastictube. The tube 
defines a substantial* hoHow interior extending substantially the length of 
thefiberstrudure. A resin material is integrated with the fiber structure to 
form a leaf spring shape having a substantially holtow interior and tapered 
ends. The tapered ends are adapted to pivotally attach to axle components of 
a vehicle. 



Brief description of the orawings 

FIG. 1 shows an exemplary transverse leaf spring, preferably formed of 
composite materials, positioned within a special suspension system of the 

present invention; 

FIO. 1a shows a conventional spring, link, and anti-roll bar suspension 

assembly; 

FIG. 2 shows a perspective view of an embodiment of the transverse 
leaf spring of the present Invention; 

FIG. 3 shows a top plan view of the embodiment shown in FIG. 2 

above; 

FIG. 4 shows a perspective view of the prafened embodiment of FIG. z 
above, in association with its molding structures; 

FIG. 5 is a flow diagram showing the preferred method of toe present 

Invention; and 

FIG. 6 shows a perspective view of the installation of the fiberglass 
tubular matrix over a forming means in accordance with the preferred 
embodiment of the invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

1 Transverse I ff af Soring 

Composite leaf spring beam structures integrate multipte automotive 
suspension functions Into one integral unit The functions of suspens.cn 
linkage, spring, and anti-roll bar are Integrated to reduce part count, waght, 
NVH transmission, and complexity. The design can reduce part count on the 
order of 10 to 1. and weight on the orderof 5 to 1. This invention Incorporates 
the integration of a composite, transversely positioned spring to function as a 
tocating member or ttokthatafeo pmvides ride and roll stiffness functionally. 
The composite beam configuration as disclosed herein replaces the 
conventional lower control arms, cod springs, and anti-mi bar assembly with a 
single composite beam 100, as illustrated in FIGS. 1 and 2. By designing the 
shape of the beam 100. the material system and the pivot locations 102. the 
ride and roll rates, camber and toe characteristics of a conventional 
suspension system can be preserved. The use of such a composite beam 
may therefore reduce weight, complexity and cost of a suspension system h 
an automobile vehicle. 

A conventional suspension of this type typically consists of a trailing 
arm and three lateral links, as shown in FIG. 1 a. Lateral flex in the trailing arm 
as well es bushing compliance prevents the system from being Wnematically 
over<onstrained throughout the normet range of suspension travel. This 
design allows the trailing arm to locate the axle tore/aft and react to the 
braking moment toads, while the three lateral links provide camber and 

toe control of the wheel. 

Due to the trailing arm suspension design, the axle moves along an arc 
as shown in the view of FIG. 1 . The outer pivots 104 on the transverse leaf 
spring 100 beam must also follow an arc The beam must flex both vertically 
and fore/aft. The beam is free to flex in the Y direction, and in doing so It 
controls the toe. 

To reduce stresses and forces in the beam due to the tore/aft bending 
of the beam as the outer pivot follows the am. a beam is Implemented having 
a cross section whose bending axis Is angled in the XZ plane. This results in a 
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beam that travels 
load at the outer pivots 104 



lore/aft as weD as vertically when loaded with only a vertical 



2. Manufacturing Method 

,n accordance with the present invention, a method for manufactunng a 
crossbar leaf spring for use in an improved rear suspension system .s 
proved, ^esystemtypiceayinccfporatestrailingarms. The single^piece 
crossbar spring replaces the lower control arms, coil springs, and anti-roll bar 
assembly. The crossbar spring can be designed to have equivalent nde and 




roil stiffness as a baseline l, 

in accordance with the present invention, a tubular fiberglass base 
fabric structure that is pre-braided in various configurations Is utilized in a 
composite structure In a transverse spring. Preferably, the fabnc 400. as 
shown in FIG. 4. Is preyed or braided into a flexible, tubular shape that 
may be stretched over a form before being Integrated with resin. Exemplary 
fiberglass base materials are manufactured by A&P Technology under the 
trade name -Unimex.' These materials are provided in braids of fiberglass 
having various tube shapes. These braids can resemble a "Chinese finger 
trap." for example, or a long tube of elongated, aligned fibers, sucb as a corn 
husk orffexible elastic tube socK Preferably, the tubular structure is elastic 
both longitudinally and radially. Other braid patterns can be incorporated, 

suchas'overbratding." 

As noted above. Unimax is a fiber, flexible tube structure 400 that 
contains mostly unidirectional fibers. That b. most of the fibers (elongated 
fibers 408) run along the length of the tube. In me alternative, the fibers may 
extend longitudinally in a helix around the length of the tube structure. In the 
preferred embodiment, these fibers are held in place by ♦MS degree mesh of 
braided elastic yams. These tube structures can be pulled over a variety of 
elongated, contoured shapes quite easily, while still maintaining the glass 
fibers at a 0 degree fiber angle. In an exemplary method as shown In FIG. 4. 
a fiber preform for a spring could be created by cutting a plurality of these 
tube structures and placing them over an Inflatable bladder 405 in either an 
automated or manual process. The preform and bladder are then placed into 
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atwo^rtmoldortocUZO. Next, the b.adder is inflated to a pressure of 

injection means known in the art and molded using an RTM or '"^j*^ 
as is known In the art Once the part has cured. It can be removed from the 
m0 ,d 420. Holes can be drilled at the pivots, and bushings can be Inserted 
Into the spring. 

Tapers and waO thickness variations can be designed into the part 
shape, yielding an extremely lightweight and efficient component Because 
tapers can be accommodated, the design can indude tapers in width and 
weight from the inner pivots to the outer pivots in the beam section. The 
allows the outer regions to be more compliant and hence the outer regions 
can contribute more to the total deflection than cross-car spring havmg 
constant cross-section. In such prior art springs, most of the deflection is due 

to strain near the inner pivots. 

The spring can also be designed to have Improved recession (fore/aft) 
compliance. Because these springs are typically designed to functions 
traiHng-arm type rear suspensions, the outer pivots must follow an arc when 
viewed from the side of the vehicle. This causes the spring to have to flex 
fore/aft and/or rotate slightly at the inner bushings. The conventional woven 
material springs are very stiff in the fore/aft direction, which makes designing 
me inner bushings difficult, and may not allow sufficient recession compliance. 
The beam section near the Inner pivots can be designed to be thin as viewed 
in a top view (FIG. 3. 100). and tall as viewed from tte rear (FIG. 2. 102). 
This allows for a member that is more compliant fore/aft with lower stresses 
than the prior art woven composite spring. 

Finally, sufficient weight savings may be achieved. As an example, a 
bladder molded spring was designed to replace the tower control arms. co.l 
springs, and anti-reU bar assembly in a prototype vehicle. The spring was 
found to have a mass of 1.8 kg. as compared to 10.0 kgfor the steel baseline 
components it replaces (82% weight savings). A similar 3D woven design 

was found to weigh 4.0 kg. 

FIG 5 shows a Row diagram Illustrating the preferred method in 
accordance with the invention herein. As illustrated at 502. a forming means. 
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such as an elongated Inflatable btodder 406, is provided and partially inflated 
or stiffened. At 504. the tubular fiberglass braided structure 400 is installed 
over the forming means 406 so that the longer fiberglass fibers 408 are 
aligned generally along the length of the fanning means 406, and so (hat the 
fibers 408 may be aligned along the longest dimensional length of the fin.shed 
composite leaf spring. An illustration of the positioning of the fiberglass tube 
400 mounted over a form Is shown In FIG. 6. As shown in the Figure, me 
fibers are positioned along the length of the form and allowed to extend 
slightly past the ends of the form. Other arrangements of the fibers on Ire 
form are possible, but it has been shown that this preferred arrangement 
provides the most longitudinal strength to the final leaf spring as presently 
contemplated. The installation may be performed manually by hand via one 
or more technicians, or automatically via a sleeve-Installation type apparatus. 

Returning now to FIG. 5, after the fiber tube structure 400 is installed at 
504, the form and me libers are placed within an exterior forming mold 420. 
such as that shown in FIG. 4 above. Resin, such as epoxy or other suitable 
medium known In the art, is then applied through injection at 506. If desired, 
additional fiberglass or other structural composite fibers may be added to over 
me forming means at this stage to increase the strength or rigidity of the final 
product. Care must be taken to ensure that the resin is fully infused among 
the glass fibers to ensure adequate structural integration of the fiber and resin 
components. 

At step 508. the exterior forming mold is closed, and the forming 
means may be inflated so that the resin and matrix are pressed against the 
walls of the mold. The resin is allowed to cure and harden to a sufficient 
hardness at step 510. and the leaf spring Is then released from the exterior 
forming mold at 512. Finally, the interior forming means is deflated or 
otherwise released and removed from the Interior of the leaf spring, preferably 
through the ends of the spring. Final curing may then be performed at step 
514. and drilling and other structural refinements can be made to the spring at 
step 516. 
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Prototypes and design changes may be implemented quickiy. and the 
process allows mo* flexibility m design than prior art methods. Furthermore, 
the resulting composite transverse spring is of signrficantiy fighter weight 

Although the invention has been described and illustrated with 
reference to specific illustrative embodiments thereof. It Is not Intended that 
the invention be ymlted to those illustrative embodiments. Those skilled ,n the 
art will recognize that variations and modifications can be made without 
departing from the true scope and spirit of the Invention as defined by the 
claims that Mow. It Is therefore intended to include within the invention all 
such variations and modifications as fall within (he scope of the appended 
claims and equivalents thereof. 
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ICuim: 



1. 



A method for manufacturing a transverse leaf spring, said method 



comprising the steps of: ,_ lr ,„ 
providing a forming means and a mold adapted to recerve said forrrung 

means; 

installing a presided tubular fiberglass structure over said forming 

means, said braid structure comprising a plurality of eiongated fibers arranged 

to form an elongated, elastic tubular structure: 

pladng said forming means and said braid structure into a mold cavity 

within said mold; 

injecting a resin material into said mold to cover said fibers; and 
curing said resin to create an integrated leaf spring component 



2 The method of daim 1 further comprising the step of applying pressure 
between said forming means and interior walls of said mold to press said 
fiberglass structure and said resin material against said walls. 

3 The method of daim 2 wherein said forming means further comprises 
an elastomeric bladder adapted to fit dosely within said mold cavity. 

4. The method of daim 3 wherein said step of applying pressure further 
comprises Inflating said bladder when in said mold cavity. 

6 The method of claim 1 further comprising the steps of removing said 
component from said mold cavity and curing said component outside of said 
cavity. 

6. The method of daim 1 wherein said tubular fiberglass structure is 
radially and longitudinally elastic. 

7. A system for manufacturing a transverse leaf spring, said system 
comprising: 
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forming nieans having a shape Responding to said ieaf spring; 
meansfor pladng a pre-bralded tubular fiberglass structure over sad 
fomii n g means, said braid stnidure comprise a pluraQty of ebngated fibers 
arranged to form an elated, elastic tubular structure; 

mold cavity adapted to receive said forming means and said braid 



a 

structure; and 
means 



for injecting a resin material into said mold cavity. 



8 The system of daim 7 wherein said forming means further comprises 
an elastomertc bladder adapted to fit closely witMn said mold cavity. 

9. The system of daim 7 wherein said means for placing a pre-braided 
structure further comprises a manual installer. 

10 The system of daim 7 wherein said tubular fiberglass structure further 
comprises a phiraltty of fiberglass fibers extending helically in an interwoven 
fashion In a tubular shape. 

It. A method for manufacturing a transverse leaf spring, said method 

comprising the steps of. 

providing a braided fiber structure comprising a plurality of elongated 
fibers arranged to form an elongated, elastic tubular structure; 

integrating a resin material into said fiber structure to form a hollow, 
molded spring shape; and 

curing said shape. 

12 The method of daim 11 wherein said plurality of elongated fibers are 
formed from groups of generally aligned, multiple strands of fibers, each of 
said groups being interwoven into said braided fiber strudure. 

1 3. The method of daim 1 2 wherein a plurality of said groups extend 
helically around said structure to form said tubular shape. 
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ABSTRACT 

A transverse leaf spring structure and a manufacturing method for a 
composite transverse loaf spring Is disclosed. The leaf spring Is formed us in g 
a preformed tubular fiberglass fabric comprising longitudinally aligned and 
braided fiberglass fibers. The fabric is installed over an Interior form, such as 
one or more Inflatable bladders, and positioned within a fanning mold. After 
resin is applied and cared to an appropriate stiffness within the mold, the mold 
fe removed. The Interior form is then removed from the composite leaf spring. 
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BASIC-ABSTRACT: 

NOVELTY - Manufacture of a transverse leaf spring comprises providing 
a forming 

mechanism and a mold, installing a pre-braided tubular fiberglass 
structure 

over the forming mechanism, the braid structure comprising elongated 
fibers 

arranged to form an elongated, elastic tubular structure, placing 
forming 

mechanism and braid structure into mold cavity, injecting resin into 
the mold 
and curing. 

DETAILED DESCRIPTION - Manufacture of a transverse leaf spring 
comprises : 

(1) providing a forming mechanism and a mold to receive the forming 
mechanism; 

(2) installing a pre-braided tubular fiberglass structure over the 
forming 

mechanism, the braid structure comprising elongated fibers arranged 
to form an 

elongated, elastic tubular structure; 

(3) placing forming mechanism and braid structure into a mold cavity 
within the 

mold; 

(4) injecting a resin material into the mold to cover the fibers; and 

(5) curing the resin to create an integrated leaf spring component. 

An INDEPENDENT CLAIM is included for a system for manufacturing a 
transverse 

leaf spring comprising: 

(1) forming mechanism with a shape corresponding to the leaf spring; 

(2) mechanism for placing a pre-braided tubular fiberglass structure 
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over the 

forming mechanism; 

(3) mold cavity to receive the forming mechanism and the braid 
structure; and 

(4) injection mechanism for injecting a resin material into the mold 
cavity. 

♦ 

USE - For manufacturing a transverse leaf spring (claimed) for 
automobiles . 

ADVANTAGE - The composite spring has a hollow cross -sect ion that 
allows the 

hollow sections to be much lighter, yet have the same stiffness as a 
solid area 

in the conventional spring. 

DESCRIPTION OF DRAWING (S) - The figure is a flow diagram showing the 

inventive 

method . 
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